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,QWURGXFWLRQ
7KHHIILFLHQWPDQDJHPHQWRIWKHYHKLFOHIOHHWLVDQLPSRUWDQWLVVXHLQWKHPDQDJHPHQWRIDQHQWLUHXQGHUJURXQG
PLQH$QGU]HMHZVNLHWDO.LFNLHWDO6WHIDQLDNHWDO7KHOLIHWLPHRIYHKLFOHVVXFKDVVHOI
SURSHOOHGPDFKLQHVLVRIWHQUHODWLYHO\VKRUW\HDUVDQGWKH\DUHYHU\H[SHQVLYHFDDPLOOLRQGROODUVHDFK,Q
RUGHUWRDFKLHYHDIXOOH[SORLWDWLRQSRWHQWLDODFFHVVWRLQIRUPDWLRQDERXWWKHWHFKQLFDOFRQGLWLRQRIWKHVHPDFKLQHV
DQG WKHLU HIIHFWLYHQHVV LV QHFHVVDU\ .RKOHU  2NUHQW  7KLV FRXOG EH DFKLHYHG E\ WKH DFTXLVLWLRQ RI
DSSURSULDWHSK\VLFDOTXDQWLWLHV HJSDUDPHWHUVRI WKHGULYHPRWRU WUDQVPLVVLRQ HOHFWULFGULYHK\GUDXOLF V\VWHP
WLUHVHWFLQWHJUDWLRQRIGDWDIURPWKHCAN-BUSDQGWDNLQJLQWRDFFRXQWWKHLQIRUPDWLRQDERXWWKHORFDWLRQ5DOVWRQ
HW DO 0F%DLQ HW DO /XRHW DO 7KXV WKHGDWD IXVLRQ IURPPDQ\GLIIHUHQW VRXUFHVKDV WREH
SHUIRUPHG=LPUR]HWDO2IWHQVRPHGDWDDFTXLUHGE\DPRQLWRULQJV\VWHPDUHPLVVLQJRURXWO\LQJWKXVD
YDOLGDWLRQSURFHGXUHKDVWREHDSSOLHGHJWRGHDOZLWKRXWOLHUVDQGWKHPLVVLQJGDWDSUREOHPKDVWREHDGGUHVVHG
GXULQJWKHSUHSURFHVVLQJVWHS5D\-DEORQVNLHWDO$OWKRXJKVRPHWLPHVWKHRXWO\LQJPHDVXUHPHQWV
DUH YHU\ LQIRUPDWLYH HJ LQ GDPDJH DVVHVVPHQW %DUWNRZLDN HW DO  WKH SUREOHP RI RXWOLHUV KDV WR EH
DGGUHVVHGDSSURSULDWHO\ 6WHIDQDNRV6XFKGDWD IXVLRQDQGYDOLGDWLRQZLOO HQVXUHPRUHHIILFLHQW DQG IDVWHU
GHFLVLRQSURFHVV)LJ)LQDOO\WKHPRQLWRULQJV\VWHPVKRXOGPHHWWKHUHTXLUHPHQWVLPSURYHPHQWRIWKHTXDOLW\
DQGHIIHFWLYHQHVVRIRSHUDWRUV¶SHUIRUPDQFHPDFKLQHVUHOLDELOLW\VDIHW\DQGUHGXFWLRQRIWKHH[SORLWDWLRQFRVWVDQG
EUHDNGRZQVUDWH&KDUQHVHWDO)UDQFHVFKLQLHWDO6WHIDQLDNHWDO

)LJ,GHDRIGDWDIXVLRQEDVHGV\VWHPWRVXSSRUWPDLQWHQDQFHPDQDJHPHQWRIVHOISURSHOOHGPDFKLQHIOHHW
7KLVSDSHUGHDOVZLWKWKHLGHQWLILFDWLRQRIFXUUHQWORDGHU¶VURXWLQH7KHEODVWHGFRSSHURUHLVSULPDULO\WUDQVSRUWHG
E\ORDGHUVDQGKDXOHUVIURPWKHPLQLQJIDFHWRGXPSLQJSRLQWZKHUHLWLVEHLQJFUXPEOHGDQGSDVVHGIXUWKHUWRWKH
EHOWFRQYH\RU7KHQXPEHURIVXFKF\FOHVPLJKWEHFRQVLGHUHGDVWKHSHUIRUPDQFHLQGLFDWRU,QRUGHUWRLGHQWLI\WKH
F\FOHZHSURSRVH WR DQDO\]H WKHSUHVVXUH VLJQDO DFTXLUHGRQ WKHEXFNHW¶VK\GUDXOLF F\OLQGHU6XFK VLJQDO VKRXOG
UHYHDOKLJKYDOXHVZKLOHWKHEXFNHWLVORDGHGDQGORZZKLOHLWLVHPSW\6WHIDQLDNHWDO7KLVVLJQDODVZHOO
DVPDQ\RWKHUVLJQDOVWKDWGHVFULEHVHOISURSHOOHGPDFKLQHVGXULQJRSHUDWLRQQHHGVWREHSUHSURFHVVHGXVLQJWRROV
DGHTXDWHIRUQRQVWDWLRQDU\VLJQDOV)RULQVWDQFHLQ:\ORPDQVNDHWDODEF:\ORPDQVNDHWDORQH
FDQ ILQG PHWKRGV IRU QRQVWDWLRQDU\ RLO WHPSHUDWXUH VLJQDOV DQG HQJLQH USP VLJQDOV SURFHVVLQJ:H SURSRVH WR
LQFRUSRUDWHDQDSSURSULDWHWRROWRSURFHVVWKHK\GUDXOLFSUHVVXUHVLJQDOQDPHO\WKH.DOPDQILOWHU7KH.DOPDQILOWHU
LVDZLGHO\XVHGWRROIRURSWLPDOILOWHULQJRIQRVWDWLRQDU\VLJQDOV*UHZDOHWDO,WPLJKWEHDOVRXVHGDVD
VPRRWKLQJILOWHU7KHVPRRWKHGK\GUDXOLFSUHVVXUH LVPXFKHDVLHU WRSURFHVV WKXVDVLPSOH WKUHVKROGLQJPLJKWEH
DSSOLHGLQRUGHUWRLQGHQWLI\F\FOHVUHODWHGWRWKHEDVLFORDGHU¶VURXWLQHV7KHSDSHULVVWUXFWXUHGDVIROORZV,Q6HFW
ZHGHVFULEHURXWLQHVWKDWDUHUHODWHGWRWKHRSHUDWLRQRIWKHORDGHU
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7KHH[SHULPHQWSHUIRUPHGLQWKHXQGHUJURXQGFRSSHURUHPLQHLVGHVFULEHGLQ6HFW7KHDOJRULWKPWKDWSURYLGHV
WKHQXPEHUDQGGXUDWLRQVRIF\FOHVLVSUHVHQWHGLQ6HFW,Q6HFWWKHUHVXOWREWDLQHGIRUWKHH[SHULPHQWDOGDWDLV
SURYLGHG7KHODVWVHFWLRQFRQWDLQVWKHFRQFOXVLRQV
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PDFKLQHU\ FKDPEHU ZKHUH LW LV EHLQJ SUHSDUHG IRU ZRUN FKHFNUHILOO RI DOO H[SORLWDWLRQ IOXLGV DQG OXEULFDWLRQ
WDQNLQJ IXHO HWF 'XULQJ IXHOOLQJ WKH PHDVXUHG GDWD DUH WUDQVPLWWHG IURP WKH PDFKLQH UHFRUGHU WR WKH ,7
LQIUDVWUXFWXUHV\VWHPDQGVWRUDJHLQWKHGDWDFXEH
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XQORDGLQJRI ORDGHUEXFNHWDW WKHKDXO WUDFN
PLQLQJIDFHORFDWHGIDUIURPGXPSLQJSRLQWRUXQORDGLQJRIORDGHUEXFNHWGLUHFWO\DWGXPSLQJSRLQWPLQLQJ
IDFHORFDWHGFORVHWRWKHJULG,QUDUHFDVHVWKHORDGHUZRUNVLQDPL[HGPRGH±LWPLJKWXQORDGWKHRUHDWWKHKDXO
WUDFNDQGDW WKHGXPSLQJSRLQWGXULQJRQHVKLIW,QH[FHSWLRQDOFLUFXPVWDQFHVH[FDYDWHGRUHLVXQORDGHGQHDU WKH
JULGRUDWDFURVVFXW)LJD
*HQHUDOO\NH\HYHQWVWKDWKDYHWREHLGHQWLILHGLQRUGHUWRDVVHVVWKHRSHUDWRU¶VSHUIRUPDQFHDUH
D GHSDUWXUHIURPWKHFKDPEHUIRUKHDY\PDFKLQHU\
E DUULYDOWRWKH2SHUDWLRQDO'HSDUWPHQW
F GULYLQJWRWKHPLQLQJIDFH
G DUULYDOWRWKHWKHSODFHZKHUHH[WUDFWHGPDWHULDOVDUHWREHXQORDGHG
H RSWLRQDOURXWHV)LJE
([SHULPHQWDOZRUN
,Q WKLV SDSHU D QRYHO WHFKQLTXH IRU WKH LGHQWLILFDWLRQ RI ORDGHU RSHUDWLQJ F\FOHV EDVHG RQ WKH SUHVVXUH VLJQDO
PHDVXUHGDW WKHXSSHUFKDPEHURIDEXFNHW¶VK\GUDXOLFF\OLQGHU LVSUHVHQWHG ,W UHTXLUHV WR WDNH LQWRDFFRXQWDQ\
SRVVLEOHEHKDYLRXUVRIWKHRSHUDWRUDQGKLVPDQQHUVH[SORLWDWLRQHYHQWVFRQYH\RUIDLOXUH LQFUHDVHGURDGWUDIILF
RSHUDWLQJPRGHDGGLWLRQDOZRUNVFOHDQXSZRUNHWF
,Q RUGHU WR GHYHORS VXFK D SURFHGXUHPDQ\ H[SHULPHQWV KDYH EHHQ SHUIRUPHG LQ WKH XQGHUJURXQGPLQH 7KH
SXUSRVHIRUWKHVHH[SHULPHQWVZDVWRREVHUYHKRZWKHORDGHURSHUDWHVGXULQJDQRUPDOZRUNLQJGD\DQGWRPDWFK
WKHREVHUYHGURXWLQHVDQGDFTXLUHGVLJQDOZLWKWKHSDUWLFLSDWLRQRIDPLQLQJVSHFLDOLVW)LJDE
,Q)LJFGRQHFDQVHHWKDWWKHYDULDELOLW\RIWKHSUHVVXUHVLJQDOGHSHQGVRQWKHVZLQJDQJOHRIWKHORDGHU¶VDUP
DQGWKHSUHVHQFHRIRUHLQWKHEXFNHW&RQVLGHULQJPDQ\VRXUFHVRILQWHUIHUHQFHURXJKURDGFRQWDFWRIWKHEXFNHW
DQGZDOO K\GUDXOLF FRQWURO HWF WKH SUHVVXUH VLJQDOPXVW EH VPRRWKHG 7KLVPDNHV LW SRVVLEOH WR UHFRJQL]H WKH
DIRUHPHQWLRQHGORDGHURSHUDWLRQV
/RDGHUF\FOHVUHFRJQLWLRQ
,QWKLVVHFWLRQZHGHVFULEHDSURFHGXUHWKDWSURYLGHVWKHQXPEHURIORDGLQJF\FOHVGXULQJDVKLIW,WLVEDVHGRQ
WKHSURFHVVLQJRIDQRLV\K\GUDXOLFSUHVVXUHVLJQDO7KHSUHVVXUHGXULQJORDGLQJUDSLGO\UDLVHVDQGVWDELOL]HVDIWHUD
VPDOOGURS)LJG'XULQJWUDQVLWIURPWKHIDFHWRWKHGXPSLQJSRLQWWKHSUHVVXUHLVKLJKZKLFKFRUUHVSRQGVWRD
ORDGHG EXFNHW 7KH UHWXUQ LV FKDUDFWHUL]HG E\ ORZ SUHVVXUH VLQFH WKH EXFNHW LV HPSW\ 'XULQJ ERWK ZD\V WKH
SUHVVXUHYDULHVGXHWRVHYHUDOUHDVRQV
7KHPDLQUHDVRQLVDURXJKURDGEXWWKHVLJQDOLVDOVRDIIHFWHGE\PHDVXUHPHQWQRLVH,QRUGHUWRPDNHWKHVLJQDO
VPRRWKHUWKXVHDVLHUWRDQDO\]HZHSURSRVHWRXVHWKH.DOPDQILOWHU$IWHUWKHVLJQDOLVVPRRWKHGZHWUDQVIRUPLW
LQWR D %RROHDQYDOXHG VLJQDO IXOO EXFNHW ± HPSW\ EXFNHW DQG DQDO\]H LW WDNLQJ LQWR DFFRXQW IDFWV DERXW WKH
ORDGLQJXQORDGLQJSURFHVVSURYHGE\VWDWLVWLFDODQDO\VLV
$VWKHILQDOUHVXOWWKHDOJRULWKPUHWXUQVWKHQXPEHUDQGWLPHVRIXQORDGLQJF\FOHV
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)LJD([SORLWDWLRQDUHD+HDY\0DFKLQHU\&KDPEHU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GXPSLQJSRLQW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XQORDGLQJRIORDGHUEXFNHWGLUHFWO\DWGXPSLQJSRLQWPLQLQJIDFHORFDWHGFORVHO\IURPJULGJULGGXPSLQJSRLQW
XQORDGLQJQHDUWKHJULGRUDWDFURVVFXWZKHQJULGLVEXV\RUFRQYH\RULVGDPDJHGE6TXDUHZDYHFKDUDFWHUL]LQJWKHRUHWLFDOORDGHUURXWLQHVIRU
DFORVHO\ORFDWHGPLQLQJIDFH

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([SHULPHQWSODQQLQJE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K\GUDXOLFV\VWHPGXULQJGLIIHUHQWORDGHURSHUDWLRQV
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4.1. Kalman filter as a tool for signal smoothing 
6LQFHWKHPHDVXUHGVLJQDO LVDIIHFWHGE\VHYHUDONLQGVRIQRLVHZHSURSRVHWR LQFRUSRUDWH WKH.DOPDQILOWHU LQ
RUGHUWRVPRRWKLW,QJHQHUDOWKH.DOPDQILOWHULVUHODWHGWRWKHVWDWHVSDFHUHSUHVHQWDWLRQRIWKHG\QDPLFDOV\VWHP
,QWKLVSDSHUWKHPHDVXUHGSUHVVXUHVLJQDOLVGLVFUHWHLQWLPHDQGRQHGLPHQVLRQDOWKXVWKHVWDWHHTXDWLRQVDUHDV
IROORZV*UHZDOHWDO
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 A  B DQGC DUH VWDWH
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nv DQG nw VWDQGV IRU PHDVXUHPHQW DQG SURFHVV QRLVH
UHVSHFWLYHO\DQGWKH\DUHFRQVLGHUHGWREH]HURPHDQLQGHSHQGHQWWRHDFKRWKHUDQG*DXVVLDQ&RYDULDQFHPDWULFHV
KHUH YDULDQFHV RI WKHVH QRLVHV DUH GHQRWHG DVV DQGW  UHVSHFWLYHO\ 7KH DOJRULWKP WKDW ILQGV WKH VPRRWKHG
VLJQDO Nnnysmooth   LVDVIROORZV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6HW A DQGC 
6HWYDULDQFHV9DQG:
6HWWKHLQLWLDOVWDWH 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P 
,QLWLDOL]HSUHGLFWHGa prioriDQGXSGDWHGa posterioriVWDWHV xxpri   xxpost  
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PPpri   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6HW postsmooth xy   
)RU Nk  GR
 VAAPPAxx postpripostpri   
 
 

    SCPKWCCPSCxky pripripriH 
 
 KSKPPKxx pripostpripost   H 
 postsmooth xky   
,Q WKLV SDUWLFXODU DSSOLFDWLRQ FRYDULDQFHV P  priP DQG postP DUH [ PDWULFHV 0RUHRYHU AA  
  CC  
 
KK  
 DQG
S
S    VLQFH A C K DQG S DUH[PDWULFHVDVZHOOK LVFDOOHG.DOPDQJDLQDQG S LVWKH
UHVLGXDO FRYDULDQFH ERWK DUH [ PDWULFHV 7KH SDUDPHWHUV FKRVHQ IRU WKH FDVH FRQVLGHUHG LQ WKLV SDSHU DUH
SUHVHQWHG LQ 6HFW  6PRRWKLQJ LV D FUXFLDO VWHS LQ WKH DOJRULWKP VLQFH UDSLG UDQGRP FKDQJHV RI WKHPHDVXUHG
SUHVVXUHPLJKWLQIOXHQFHWKHQH[WVWHSVRIWKHDOJRULWKPIRUFRXQWLQJORDGXQORDGF\FOHV
4.2. Full-empty bucket representation 
7KHQH[WVWHSRIWKHSURSRVHGDOJRULWKPLVWRWUDQVIRUPWKHVPRRWKHGSUHVVXUHVLJQDO nysmooth LQWRD%RROHDQ
YDOXHG VLJQDO 7KH LGHD LV WR REWDLQ D VLJQDO ZKLFK LQGLFDWHV ZKHWKHU WKH EXFNHW LV ORDGHG RU QRW ,Q RUGHU WR
GLVWLQJXLVKEHWZHHQWKHVHFODVVHVZHVHWDWKUHVKROGRQWKHSUHVVXUHD[LV7KHQHYHU\YDOXHKLJKHURUHTXDOWRWKH
WKUHVKROG pressureR LV WUDQVIRUPHG LQWR  DQG YDOXHV EHORZWKH WKUHVKROG R DUH VHW WR  7KH %RROHDQYDOXHG
SUHVVXUHVLJQDO nyBoolean LVGHILQHGDV
¯
®
­

t
 
pressuresmooth
pressuresmooth
Boolean Rny
Rny
ny
IRU
IRU
 
$VRQHFDQQRWLFHIURP)LJGWKHSUHVVXUHUHODWHGWRWKHORDGHGEXFNHWLVVLJQLILFDQWO\KLJKHUWKDWWKHSUHVVXUH
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UHODWHGWRWKHHPSW\EXFNHW7KXVPDQ\UHDVRQDEOHWKUHVKROGVPLJKSURYLGHVLPLODUUHVXOWV
4.3. Identification of loading/unloading cycles 
*LYHQD%RROHDQYDOXHGVLJQDOWKDWGHQRWHVSUHVHQFHRIWKHPDWHULDOLQWKHEXFNHWLWLVFUXFLDOWRLQGLFDWHZKLFK
WUDQVLWLRQVIURPORDGHGEXFNHWLQWRWKHHPSW\DUHUHODWHGZLWKXQORDGLQJDQGZKLFKDUHUHODWHGWRWHPSRUDU\FKDQJHV
RI SUHVVXUH:H SURSRVH WR H[DPLQH WKH OHQJWK RI HDFK SHULRG GXULQJZKLFK WKH %RROHDQYDOXHG VLJQDO Booleany 
HTXDOV  ,W LV DVVXPHG WKDW DSSURSULDWO\ ORQJ SHULRGV ZLWK KLJK SUHVVXUH GHQRWH WKH SHULRG ZKHQ WKH ORDGHU LV
PRYLQJ IURP WKH PLQLQJ IDFH WR WKH GXPSLQJ SRLQW 7KH WKUHVKROG QDPHO\ durationR  PLJKW EH D SDUDPHWHU
GHSHQGLQJRQWKHGLVWDQFHEHWZHHQWKHPLQLQJIDFHDQGWKHGXPSLQJSRLQW
$SSOLFDWLRQRISURFHGXUHWRUHDOGDWD
,Q WKLV VHFWLRQZH SUHVHQW DQ DSSOLFDWLRQ RI WKH SURSRVHG SURFHGXUH WR WKH H[HPSODU\ UHDO GDWD VHW 7KH UDZ
K\GUDXOLF SUHVVXUH VLJQDO LV SUHVHQWHG LQ )LJ  7KLV VLJQDO UHSUHVHQWV D ZKROH KRXUORQJ VKLIW 7KH VDPSOLQJ
IUHTXHQF\LV+]ZKLFKUHVXOWVLQVDPSOHVSHUVKLIW2QHFDQREVHUYHVKRUWPRPHQWVGXULQJZKLFKWKHVLJQDO
UHDFKHVPD[LPXPYDOXHVLHFORVHWR03D7KHUHDUHDOVRLQWHUYDOVZLWKKLJKSUHVVXUHYDOXHVFORVHWR03D
DQGORZSUHVVXUH03D$OWKRXJKWKHVHSHULRGVDUHHDV\WREHVHHQE\DKXPDQH\HWKHDXWRPDWLFUHFRJQLWLRQ
PLJKWEHGLIILFXOWGXHWRWKHYDULDELOLW\RIWKHVLJQDO$VLWZDVPHQWLRQHGWKHK\GUDXOLFSUHVVXUHVLJQDOLVLVYHU\
QRLV\EHFDXVHRIVHYHUDOUHDVRQV$FFLGHQWLDOGURSVIURPYDOXHVFORVHWR03DPLJKWUHDFKDOHYHOORZHUWKDQDQ\
UHDVRQDEOH WKHUHVKROG pressureR  7KXV D VXIILFLHQWO\ ORQJ LQWHUYDO RI Booleany HTXDO WR  ORQJHU WKDQ durationR 
PLJKW EH LQWHUVHFWHG LQWR WZR RUPRUH VKRUW LQWHUYDOV HDFK VKRUWHU WKDQ durationR  $V WKH UHVXOW WKH DSSURSULDWH
LQWHUYDOPLJKWQRWEHWDNHQLQWRDFFRXQW7KXVWKHVLJQDOKDVWREHVPRRWKHG


)LJ5DZK\GUDXOLFSUHVVXUHVLJQDOPHDVXUHGDWEXFNHW¶VK\GUDXOLFF\OLQGHU
7KHVPRRWKHGVLJQDOQDPHO\ nysmooth LVSUHVHQWHGLQ)LJ,QRUGHUWRFRPHWRDEHWWHUXQGHUVWDQGLQJRIWKH
UHVXOWVZHIRFXVDSDUWRIWKHVLJQDODQGLWVVPRRWKHGYHUVLRQ$OWKRXJKWKHZKROHVLJQDOKDVEHHQVPRRWKHGDQG
IXUWKHUSURFHVVHG3DUDPHWHUVRIWKH.DOPDQILOWHUDUHDVIROORZV



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ZKHUH  't DQG pressureV LVWKHVWDQGDUGGHYLDWLRQRIWKHVLJQDO ny QDPHO\ ¦
 
 
N
n
pressure nyN 
 V 6XFKD
VLPSOHVWDWHVSDFHPRGHOLVHQRXJKWRUHGXFHXQGHVLUDEOHYDULDELOLW\DQGSUHVHUYHFOHDUVZLWFKLQJEHWZHHQKLJKDQG
ORZK\GUDXOLFSUHVVXUH2QHFDQQRWLFHWKDWWKHWKUHVKROG MPaR pressure  LQWHUVHFWVZLWKWKHUDZVLJQDOPXFK
PRUHWLPHVWKDQLWGRHVZLWKWKHVPRRWKHGVLJQDO


)LJ3DUWRIWKHUDZK\GUDXOLFSUHVVXUHVLJQDOPHDVXUHGYDOXHJUD\VROLGOLQHLQWKHEDFNJURXQGPHDVXUHGDWXSSHUFKDPEHURIEXFNHW¶V
K\GUDXOLFF\OLQGHUDQGLWVVPRRWKHGYHUVLRQ±UHVXOWRIWKH.DOPDQILOWHUHVWLPDWHGYDOXHEODFNGDVKHGOLQH%OXHGDVKHGKRUL]RQWDOOLQHVWDQGV
IRUWKHWKUHVKROG03D
,Q)LJZHSUHVHQWDSDUWRIWKHVPRRWKHGVLJQDO nysmooth DQGWKHFRUUHVSRQGLQJSDUWRIWKH%RROHDQYDOXHG
VLJQDO nyBoolean ,WLVZRUWKWRQRWLFHWKDWVRPHRIWKHLQWHUYDOVZLWKKLJKSUHVVXUHHJWKHLQWHUYDOGHQRWHG³GULYH
WRJULG´DUHFOHDUO\ORQJHUWKDQRWKHUVHJGHQRWHGZLWKYHUWLFDODUURZV+HUHWKHOHQJWKRIWKHURXWHEHWZHHQWKH
PLQLQJIDFHDQGWKHGXPSLQJSRLQWLVDIHZKXQGUHGPHWHUVDQGLWLVW\SLFDOLQWKHFRQVLGHUHGPLQH2QHFDQVHHWKDW
WKHGXUDWLRQ LQ WLPHRIVXFKURXWH LVXVXDOO\PRUH WKDQPLQXWHV WKXVWKH\VXUHO\H[FHHG WKH WKUHVKROG durationR 
ZKLFKLVVHWWRV$OWKRXJKDVKRUWHUURXWHPLJKWUHVXOWLQWKHGXUDWLRQVKRUWHUWKDQPLQXWHV

7KHILQDOUHVXOWLVSUHVHQWHGLQ)LJ'XULQJWKHHQWLUHFRQVLGHUHGVKLIWORDGLQJXQORDGLQJF\FOHVKDYHEHHQ
LGHQWLILHG6XFKDQXPEHU LVFRQVLVWHQWZLWK WKHQXPEHURIF\FOHVREWDLQHGE\YLVXDO LQVSHFWLRQRII WKHK\GUDXOLF
SUHVVXUHVLJQDODQGWKHQXPEHUSURYLGHGE\WKHRSHUDWRUZRUNLQJLQWKHGXPSLQJSRLQW



       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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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
)LJ3DUWRIWKHVPRRWKHGSUHVVXUHVLJQDOWRSSDQHODQGLWVWUDQVIRUPDWLRQLQWRWKH%RROHDQYDOXHGVLJQDOERWWRPSDQHO1RWLFHGLIIHUHQW
GXUDWLRQVRILQWHUYDOVZLWKYDOXHHTXDOWR


)LJ'XUDWLRQVRILQWHUYDOVZLWKKLJKK\GUDXOLFSUHVVXUHLQGHQWLILHGDVWKHWLPHLQWHUYDOGXULQJZKLFKWKHORDGHUWUDQVSRUWVWKHPDWHULDOEHWZHHQ
WKHPLQLQJIDFHDQGWKHGXPSLQJSRLQW
6XPPDU\
,QWKLVSDSHUDQDOJRULWKPIRUWKHDXWRPDWLFFRXQWLQJRIORDGLQJXQORDGLQJF\FOHVKDVEHHQSUHVHQWHG,WLVEDVHG
RQ UHDOWLPH PHDVXUHPHQWV RI WKH K\GUDXOLF SUHVVXUH PHDVXUHG DW WKH XSSHU FKDPEHU RI WKH EXFNHW¶V K\GUDXOLF
F\OLQGHU7KHUDZVLJQDOLVVPRRWKHGXVLQJWKH.DOPDQILOWHUDQGIXUWKHUSURFHVVHGLQRUGHUWRREWDLQWKHPRPHQWVRI
ORDGLQJDQGXQORDGLQJRIWKHEXFNHWWKHGXUDWLRQRIWKHORDGLQJXQORDGLQJF\FOHVDQGILQDOO\WKHQXPEHURIVXFK
F\FOHVSHUVKLIW7KH.DOPDQILOWHUSUHYHQWVF\FOHVIURPVXEGLYLVLRQLQWRVKRUWF\FOHV,WLVWKHPRVWFUXFLDOVWHSRI
       








'XUDWLRQRIORDGHUF\FOH
1XPEHURIORDGHUF\FOH
7L
P
H
V
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WKHDOJRULWKPVLQFHLWPDNHVSDUDPHWHUVRIIXUWKHUSURFHVVLQJWKUHVKROGLQJOHVVLQIOXHQWLDORQWKHILQDOUHVXOW7KH
QXPEHU RI F\FOHV FRXQWHG E\ WKH DOJRULWKP PLJKW EH D YDOXDEOH DOWHUQDWLYH WR WKH LQIRUPDWLRQ SURYLGHG E\ WKH
RSHUDWRUVPLJKWEHDIIHFWHGE\ WKHKXPDQ IDFWRU6XFKDQDXWRPDWLFDOJRULWKPPDNHV LWSRVVLEOH WR LPSOHPHQWD
K\GUDXOLF SUHVVXUHEDVHG HIIHFWLYHQHVV LQGLFDWRU ZKLOH WKH QXPEHU RI PDFKLQHV LQ WKH PLQH H[FOXGHV YLVXDO
LQVSHFWLRQRIHYHU\PHDVXUHGSUHVVXUHVLJQDO
$FNQRZOHGJHPHQWV
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.*+0&XSUXP
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